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1. SUMMARY 

The experimental progress on contract NAS 7-7  during the past three 

months may be summarized as follows: 

a. 

b. 

C. 

d. 

e. 
f .  

1.1 

Six cell assemblies and three additional power supplies 

were constructed. 

Seventeen valid charge-retention tests were conducted. 

Cell polarization was obtained for several types of 

oxygen electrodes as a function of pressure and electrode 

diameter, and for series operation. 

Design was completed for a multicell unit, and fabrication 

was initiated. 

Two cycle life tests were performed. 

Preliminary evaluations of potential safety hazards 

and cell capacity were made. 

Charge Retention 

The results of the charge-retention tests indicate that the 

loss of charge via diffusion of the gases throughthe asbestos bed is 

very slow. The tests have a l s o  revealed that the cell effectively 

retains its charge, although under some operating conditions it has 

not always been able to deliver 100 percent of this charge. 

cause for the incomplete discharge is attributed to one or more of 

several controllable factors (cf. Sec. 7.33). 

The 

1.2 Polarization 

The oxygen electrode studies have revealed that of all the 

types which have been examined to date, only one exhibits appreciably 

less polarization than the platinized nickel currently being used. 

Several have been found, however, which exhibit polarization charac- 

teristics of the same order of magnitude as platinized nickel. The 

studies have revealed that discharge polarization is marked dependent 

1584 -Q -3 1 



on pressure  i n  t h e  range between 0 and 200 ps ig .  The r e s u l t s  a l s o  

e s t a b l i s h e d  t h a t ,  f o r  e l e c t r o d e  diameters  of a t  least  4 i n . ,  t h e  

d ischarge  c u r r e n t  i n c r e a s e s  l i n e a r l y  with e l e c t r o d e  area. 

1 . 3  Cycle L i f e  T e s t i n g  

One cyc le  l i f e  t es t  w a s  c a r r i e d  ou t  f o r  29 days (417 

"shallow" cyc le s  of 100 min each) of cont inuous ope ra t ion  , a f t e r  

which t h e  d ischarge  vo l t age  dropped suddenly t o  zero.  The cause of 

t h i s  drop i s  c u r r e n t l y  be ing  i n v e s t i g a t e d .  Another t es t  w a s  i n i t -  

i a t e d  and i s  c u r r e n t l y  i n  i t s  t e n t h  day of semicontinuous o p e r a t i o n ,  

c o n s i s t i n g  of one "deep" 6-hr  cyc le  p e r  day. 

p re s su res  have been found t o  be t h e  same f o r  each cyc le .  

The vo l t age  and gas  

1.4 'Mul t i ce l l  Unit  

The f i n a l  des ign  of t h e  m u l t i c e l l  u n i t  was completed,  and 

machine drawings were prepared.  The t e s t i n g  of one element w a s  i n -  

i t i a t e d .  

1.5 Miscel laneous 

Extreme o p e r a t i n g  cond i t ions  were imposed upon the  c e l l  i n  

o rde r  t o  eva lua te  p o t e n t i a l  s a f e t y  hazards .  The r e su l t s  of s e v e r a l  

t es t s  showed t h a t  no hazard  should e x i s t  f o r  t h e  cond i t ion  i n  which 

the  two gases become mixed, both a t  room temperature  and a t  200 F .  0 

Analysis  of s e v e r a l  "deep" c y c l e s  i n d i c a t e s  t h a t  t h e  c e l l  
2 capac i ty  i s  approximately 2 amp-hr/in.  of a s b e s t o s  bed. 

1 
I 
I 
1 
I 
I 
I 
1 
1 
I 
I 
I 
I 
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2. STATUS AT START OF SECOND QUARTER 

A l l  of t h e  i n v e s t i g a t i o n s  for  t he  p a s t  q u a r t e r  were t o  have been 

concerned wi th  the  p a r t i c u l a r  c e l l  c o n f i g u r a t i o n  denoted a s  C e l l  "B" 

i n  the  l a s t  I n t e r i m  Engineering Report (1). 

A t  t h e  s t a r t  of t h i s  q u a r t e r ,  t h r e e  models of C e l l  "B" had been 

cons t ruc t ed .  One of these  was a low-pressure (10 ps ig)  model w i t h  

g l a s s  ehrlenmeyer f la sks  as t h e  gas c o n t a i n e r s .  The o t h e r  two were 

h igh-pressure  s t a i n l e s s  s teel  models. 

A method had been devised for  prepar ing  both  H2 and O2 e l e c t r o d e s  

which y i e lded  reasonable  c u r r e n t  d e n s i t i e s  (10 t o  15 ma/cm2) a t  room 

temperature  and somewhat h igher  c u r r e n t  d e n s i t i e s  a t  e l eva ted  t e m -  

p e r a t u r e .  

Two cha rge - re t en t ion  tes ts  had been conducted w i t h  these  models: 

one a t  80°F. and one a t  200°F. 

w a s  60 p s i g ,  and the  maximum stand t i m e  was 19-112 h r .  

t e s t i n g  had been conducted. 

The maximum pres su re  i n  these  tests 

No c y c l e  l i f e  

The f a c i l i t i e s  i n i t i a l l y  a v a i l a b l e  f o r  t h e  p r e s e n t  program i n -  

c luded t h r e e  cons t an t  c u r r e n t  cyc l ing  u n i t s ,  t h r e e  min ia tu re  r e c o r d e r s ,  

t h r e e  ovens, and a high-temperature furnace  w i t h  atmosphere c o n t r o l  

f o r  prepar ing  va r ious  types of e l e c t r o d e s .  

15 84-4-3  3 



3 .  REVIEW OF OBJECTIVES 

The objectives for the present quarter consist of the following 

four items: 

a. To determine the effect of cell configuration and operating 

parameters on self-discharge. 

b. To investigate the possibility of reducing the cell polari- 
zation by preparation and evaluation of oxygen electrodes. 

c. To obtain data on cell lifetime and the effects of con- 

tinued cycling on cell performance. 

d. To design and fabricate a multicell prototype. 

1584 -Q -3  4 
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4 .  SUMMARY OF EXPERIMENTAL PROGRAM 

The initial phase of the experimental program consisted of the 

construction of six cell assemblies and three power supplies. Four 

of the assemblies were installed within ovens for elevated-tempera- 

ture testing, and two were installed in 'small metal cabinets for 

room-temperature testing. 

With these assemblies, a total of 17 successful charge-retention 
The tests were conducted within the tempera- tests were carried out. 

ture range of 70 to 290°F 

300 psig. Stand times, except for one special 30-day test, varied 

between 0 and 72 hr. 

and within the pressure range of 0 to 

The same assemblies were used for a number of polarization 

studies. The first study consisted of the evaluation of several 

oxygen electrodes including several grades of porous nickel and 

porous carbon impregnated with various catalysts, lithiated nickel 

oxide, and a specially prepared electrode from a battery supplier. 

The second study comprised the measurement of polarization as a 
function of pressure. The third and fourth studies consisted of the 

measurement of polarization for series operation and for larger 

diameter electrodes. 

Two cycle life tests were performed during this quarter. The 

first consisted of a "shallow" 100-min cycle; i.e.,65 min charge 

at 108 ma and 35 min discharge at 200 ma. This test was conducted 

on a continuous basis for 29 days. The second test consisted of a 

"deep" 6-hr cycle; i.e., 1 hr charge at 1.0 amp and 5 hr discharge 

at 0.2 amp. One such cycle is conducted per day. The test is cur- 

rently in its tenth day. 

1584 -4-3 5 



Development of a multicell unit was begun in the middle of the 

past quarter and continued until the present. 

to the point of the preparation of a final machine drawing and the 

testing of one element. 

Progress has proceeded 

Additional tests were concerned with the evaluation of the 

safety hazards involved in the operation of this cell. 

1584-4-3 6 
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5 .  EXPERIMENTAL TECHNIQUES 

5.1 P repa ra t ion  of P l a t i n i z e d  Nickel  E lec t rodes  

The p l a t i n i z e d  n i c k e l  e l e c t r o d e s  were prepared by immersion 

p l a t i n g  of t he  porous n i c k e l  e l e c t r o d e  i n  a 3 percen t  s o l u t i o n  of  

c h l o r o p l a t i n i c  a c i d .  The porous n i c k e l ,  0.022 i n .  t h i c k ,  w a s  ob ta ined  

from Gould Nat iona l  Batteries and w a s  des igna ted  as "raw unimpreg- 

na ted  p la tes . "  The amount of s o l u t i o n  was f i x e d  on t h e  b a s i s  of 

d e p o s i t i n g  40 mg of plat inum per  square  inch of e l e c t r o d e .  

5.2 P repa ra t ion  of  Carbon E lec t rodes  

Three types of carbon e l e c t r o d e s  have been employed i n  t h e  

oxygen e l e c t r o d e  tes ts .  The p r o p e r t i e s  of t hese  carbons a r e  l i s t e d  

be low:  

Type P o r o s i t y ,  O / o  Avg. Pore 
s i z e ,  i n .  

A 40 0.0027 

B 60 0.0055 

C 

The f i r s t  s t e p  i n  t h e  p repa ra t ion  of t hese  e l e c t r o d e s  w a s  t h e  

machining of t h e  proper  s i z e  e l e c t r o d e ,  1-518-in.  d i a . ,  from t h e  

sample block.  The nex t  s t e p  cons i s t ed  of b o i l i n g  the  e l e c t r o d e  i n  

d i s t i l l e d  water f o r  1 h r  s o  a s  t o  r i d  t h e  e l e c t r o d e  of l oose  par -  

t i c l e s  of carbon r e s u l t i n g  from t h e  machining s t e p .  Each of t h e  

e l e c t r o d e s  w a s  given the  s p e c i a l  t r ea tmen t s  descr ibed  below, and 

then  each w a s  eva lua ted  a s  an oxygen e l e c t r o d e .  

a .  Plat inum black  was app l i ed  t o  type A ,  accord ing  t o  t h e  

method desc r ibed  by Hunger ( 2 ) .  B r i e f l y ,  t h e  method 

c o n s i s t s  of brushing a s o l u t i o n  of c h l o r o p l a t i n i c  a c i d  
1 
Type A and B were obta ined  from t h e  Nat iona l  Carbon Co. and type  C 

from t h e  Speer  Carbon Co. 

7 1584-4-3 



b .  

C .  

d .  

e .  

on the  e l e c t r o d e  and then f i r i n g  i n  a i r  t o  decompose 

t h i s  compound and form plat inum b lack .  The amount of 

s o l u t i o n  was based on t h e  d e p o s i t i o n  of 4 0  mg of 

platinum per  squa re  inch .  

Platinum b lack  was a p p l i e d  t o  type A by sp read ing  a 

moistened s l u r r y  of the  b l a c k  over one s u r f a c e .  

Approximately 100 mg was added per  squa re  inch .  

Types A and B were impregnated w i t h  a mixture  of 

oxides  ( s p i n e l s ) ,  according t o  Kordesch ( 3 ) .  The 

p a r t i c u l a r  s p i n e l  contained c o b a l t ,  aluminum, and 

s i l v e r  oxide.  

Type C w a s  a c t i v a t e d  according t o  Hunger ( 2 ) .  

B r i e f l y ,  t h i s  method c o n s i s t e d  of a n  i n i t i a l  t r ea tmen t  

w i t h  50 pe rcen t  n i t r i c  a c i d ,  followed by h e a t i n g  f o r  

3 h r  a t  800°C 

1. 

Type C was given the  same t r ea tmen t  as i n  t h e  p re -  

ceding s t e p  and i n  a d d i t i o n ,  w a s  coated w i t h  plat inum 

b l a c k ,  according t o  S tep  1. 

i n  a C02 atmosphere,  as  shown i n  F ig .  

5.3 P repa ra t ion  of L i t h i a t e d  Nickel  Oxide E l e c t r o d e s  

The l i t h i a t e d  n i c k e l  oxide e l e c t r o d e s  were prepared from 

the  same type of porous n i c k e l  as the  p l a t i n i z e d  n i c k e l  e l e c t r o d e s  

desc r ibed  i n  Sec.  5 .1 .  I n  t h i s  c a s e ,  however, t h e  t h i c k n e s s  w a s  

0.089 i n .  The l i t h i a t i n g  t r ea tmen t  c o n s i s t e d  of soaking i n  a l i t h i u m  

hydroxide s o l u t i o n  (11.15 gmc LiOY/100 m l )  and then  f i r i n g  i n  a i r  a t  

75OoC f o r  5 min. 

5 .4  P o l a r i z a t i o n  Measurements 

The t o t a l  c e l l  p o l a r i z a t i o n  was ob ta ined  by use of t he  

cons t an t  c u r r e n t  power supply.  The procedure c o n s i s t e d  of s e t t i n g  

the  c u r r e n t  t o  a given va lue  f o r  e i t h e r  charge o r  d i s c h a r g e  and then 

measuring the c e l l  v o l t a g e  on a r e c o r d e r .  A f t e r  e a c h  change i n  t h e  

c u r r e n t  s e t t i n g ,  a time i n t e r v a l  of approximately 3 min w a s  r e q u i r e d  

15 84 -Q -3 8 
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FIG.  1 CONTROLLED ATMOSPHERE FURNACE FOR ELECTRODE PREPARATION 
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I 
before the cell voltage reached a steady-state value. Several cur- 

rent settings were made to correspond to current densities between 

0 and 300 ma/cm2. 

5.5 Charpe Retention 

The charge-retention tests consisted of three steps. First, 

the cell was charged at a constant current of 1.4 to 1.6 amp for a 

given time interval. Next, the cell was allowed to stand on open 

circuit for a given time interval (up to 72 hr) at a constant temp- 

erature. Finally, the cell was discharged at 0.2 amp until the end 

of discharge (the time at which the voltage began to fall rapidly 

toward z e r o ) .  

5 .6  Temperature Measurements 

The cell temperatures were measured with an iron-constant 

thermocouple inserted into a small hole in the cell body. The 

readings were taken with a Rubicon potentiometer. 

5.7 Pressure Measurements 

The H2 and O2 pressures were taken from precision pressure 

gauges (k l/2 percent of full scale) which were connected to each of 
the miniature gas cylinders. 

1584 -4-3 10 
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6 .  DESCRIPTION OF EXPERIMENTAL CELLS 

The components of one of t h e  c e l l  assemblies  are shown i n  F ig .  2.  

A b r i e f  

a.  

b .  

- c .  

d .  

e .  

f .  

g .  

d e s c r i p t i o n  of t hese  components i s  given below: 

Hydrogen con ta ine r :  2- in .  d i a .  s t a i n l e s s  s t ee l  p ipe  w i t h  

welded caps .  

Oxygen con ta ine r :  same a s  hydrogen c o n t a i n e r ,  except  t h a t  

i t s  volume is  1/2 t h a t  of t he  hydrogen c o n t a i n e r .  

C e l l  frames: 4 - in .  d i a .  s t a i n l e s s  s t e e l ,  r eces sed  f o r  

e l e c t r o d e s  and O-ring. 

Hydrogen e l e c t r o d e :  

of w i re - r e in fo rced  s i n t e r e d  n i c k e l ,  coa ted  w i t h  p la t inum 

black  a t  40 mg/in. 

Oxygen e l ec t rode :  

no ted .  

P res su re  gauges: 0-100 p s i g ,  0-300 p s i g ,  and 0-600 ps ig .  

E l e c t r o l y t e :  35 percent  KOH s o l u t i o n s  impregnated i n  a 

d i s c  of a sbes tos  2-1/2 i n .  d i a .  by 1/16 i n .  t h i c k .  

1-5/8-in.  d i a . ,  0.022-in.-thick d i s c  

2 

same as hydrogen e l e c t r o d e  excep t  where 

A s  semb 1 y 

A 

B 

C 

D 

The s i x  assemblies  a r e  shown i n  F ig .  3 .  The components of each 

assembly a r e  i d e n t i c a l  except  for  the  volumes of t he  gas c y l i n d e r s .  

The volumes a r e  t abu la t ed  below, a long wi th  t h e  c a p a c i t y  per  u n i t  of 

p r e s s u r e  a t  room temperature .  

Hydrogen Oxygen Capaci ty  

Volume Volume amp min lps i  a t  70°F. 

270 13 5 2.38 

187 94 1.67 

150 75 1.32 

140 70 1.24 

1584-4-3 11 



F I G .  2 
COMPONENTS O F  C E L L  

A .  Hydrogen c o n t a i n e r  
B. Oxygen c o n t a i n e r  
C .  C e l l  frame wi th  "0" r i n g  
D .  Hydrogen e l e c t r o d e  
E .  Oxygen e l e c t r o d e  
F .  P re s su re  gages 
G .  Asbestos bed 

F I G .  3 

SIX CELL ASSEMBLIES 
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As s emb 1 y 

E 
F 

Hydrogen Oxygen Capacity 

Volume Volume amp min/psi at 70°F. 

76 38 0.66 

76 38 0.66 

As shown in Fig. 3 ,  four of the assemblies are assembled in 

ovens for elevated-temperature testing and two in small metal cabinets 

for r oom- temperature t e s t ing . 

15 84 -Q -3 13 
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7.  RESULTS AND DISCUSSION 

7 . 1  Charge Re ten t ion  

The s ta te  of charge of t h e  r e g e n e r a t i v e  H 2 - 0 2  c e l l  can be 
1 

determined d i r e c t l y  a t  any t i m e  by measurement of t h e  two gas p r e s s u r e s ,  

A r eco rd  of t h e  v a r i a t i o n  of these p r e s s u r e s  with t i m e  then d e f i n e s  t h e  

cha rge - re t en t ion  c h a r a c t e r i s t i c s  of t h i s  c e l l .  

I f  e x t e r n a l  gas l e a k s  do n o t  o c c u r ,  a drop i n  t h e  gas p r e s s u r e s  

s i g n i f i e s  a chemical recombination of t h e  two gases .  

occurs  v i a  d i f f u s i o n  of t he  gases through t h e  a s b e s t o s  bed and subsequent 

thermochemical r e a c t i o n  t o  form water. 

Th i s  recombination 

The t i m e  v a r i a t i o n s  of H and 0 p r e s s u r e s  f o r  t h r e e  sample 

t e s t s  are shown i n  F i g s ,  4 ,  5 ,  and 6 .  During t h e s e  p a r t i c u l a r  t e s t s ,  

e x t e r n a l  gas l e a k s  were e i t h e r  non-ex i s t en t  o r  so s m a l l  as t o  be 

2 2 

unde tec t ab le  by e x t e n s i v e  l e a k  t e s t i n g .  

l e a k s  developed i n  t h e  tub ing  e x t e r n a l  t o  t h e  c e l l s .  Data from such 

t e s t s  are considered u n r e l i a b l e . )  

( I n  a number of t e s t s ,  gas 

I n s p e c t i o n  of t h e  cha rge - re t en t ion  curves r e v e a l s  t h a t  t h e  

drop i n  gas p r e s s u r e s  i s  very small f o r  a 72-hr per iod.  

example, shows t h a t  i n  Run No. 6 ,  Assembly "A" l o s t  on ly  1 p s i  f o r  both 

H 2  and O2 a f t e r  a 72-hr s t and  a t  100 F .  

95 p s i g ,  t h e  percentage loss  p e r  u n i t  t i m e  becomes 0.015 %/hr .  

200°F, as shown i n  Fig.  5 ,  t he  corresponding loss  w a s  found t o  be 

0.075 %/hr .  

F igu re  4 ,  f o r  

0 With i n i t i a l  p re s su res  n e a r  

A t  

The r e s u l t s  obtained i n  a s t i l l  a c t i v e  30-days charge- 

r e t e n t i o n  t e s t  a t  room temperature are shown i n  F ig .  6. The c o n d i t i o n s  

f o r  t h i s  tes t  were s p e c i f i e d  i n  o rde r  t o  o b t a i n  c h a r g e - r e t e n t i o n  d a t a  

which may be compared with t h a t  of o t h e r  b a t t e r i e s  sub jec t ed  t o  t h e  

same cond i t ions .  I n s p e c t i o n  of Fig.  6 r e v e a l s  t h a t  a f t e r  t he  f i r s t  

'This  s ta tement  h o l d s ,  of cour se ,  on ly  under t h e  cond i t ion  t h a t  t h e  c e l l  
can be discharged completely.  

1584 -Q -3 15 
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I ’  10 d a y s ,  t h e  c e l l  has  l o s t  approximately 1 p s i ,  o r  s l i g h t l y  over  1 p e r c e n t ,  

of t h e  i n i t i a l  pressure.  The open c i r c u i t  vo l t age  has  remained cons t an t  

a t  1 .02  v o l t s .  The c e l l  w i l l  be discharged a t  t h e  end of t h e  t h i r t i e t h  day. 

Although t h e  pressure- t ime d a t a  r e v e a l  t h a t  t h e  c e l l  can re- 

t a i n  i t s  charge e f f e c t i v e l y ,  tes ts  show t h a t  i n  some o p e r a t i n g  c o n d i t i o n s ,  

t h e  c e l l  cannot always d e l i v e r  100 pe rcen t  of t h i s  charge.  An example of 

t h i s  phenomenon i s  given by Run No. 6 i n  Table I .  A s  mentioned above, 

i n  t h i s  p a r t i c u l a r  r u n ,  t h e  c e l l  r e t a i n e d  approximately 99 pe rcen t  of 

t he  charge a f t e r  a 72-hr s t and .  On d i s c h a r g e ,  however, t h e  c e l l  de- 

l i v e r e d  only 88 pe rcen t  of t he  o r i g i n a l  i npu t .  The d i f f e r e n c e  between 

the  r e t a i n e d  charge and the  output must then correspond t o  a r e s i d u a l  

charge.  Evidence f o r  the ex i s t ence  of t h i s  r e s i d u a l  charge i s  given by 

the  r e s i d u a l  gas p r e s s u r e s ,  as shown i n  t h i s  t a b l e .  F u r t h e r  i n s p e c t i o n  

r e v e a l s  t h e  presence of r e s i d u a l  cha rges ,  varying i n  magnitude, f o r  a l l  

of t h e  runs r epor t ed  h e r e .  

The cause f o r  t h e  incomplete d i scha rge  i s  a t t r i b u t e d  t o  one o r  

more of t h r e e  c o n t r o l l a b l e  f a c t o r s  (none of which w a s  completely con- 

t r o l l e d  i n  t h e s e  tests) .  These f a c t o r s  are  f l o o d i n g ,  p r e s s u r e  d i f f e r e n t i a l s ,  

and d e t e r i o r a t i o n  of p l a t i n i z e d  n i c k e l  oxygen e l e c t r o d e .  A more complete 

d i s c u s s i o n  of t h e s e  f a c t o r s  i s  presented i n  Sec. 7 . 3 . 3 .  When complete 

c o n t r o l  over a l l  of t h e s e  f a c t o r s  i s  ma in ta ined ,  then t h e  c e l l  should 

d e l i v e r  a l l  of t h e  charge which i s  n o t  l o s t  by the~-mochemical recombi- 

n a t i o n .  

Because of incomplete d i scha rge ,  t h e  d a t a  i n  Table I cannot be 

used t o  c o r r e l a t e  c u r r e n t  e f f i c i e n c y  with temperature ,  p r e s s u r e ,  and s t and  

t i m e .  By t h e  end of t h e  nex t  q u a r t e r ,  however, i t  i s  a n t i c i p a t e d  t h a t  t h e  

c o n d i t i o n s  necessa ry  f o r  ob ta in ing  complete d i scha rge  w i l l  have been es- 

t a b l i s h e d ,  and s u f f i c i e n t  charge r e t e n t i o n  d a t a  w i l l  be obtained t o  make 

t h e  above c o r r e l a t i o n s .  
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 

lRecent  i n v e s t i g a t i o n s  (Dec. 1961) have e s t a b l i s h e d  t h a t  t he  t o l e r a b l e  
p r e s s u r e  d i f f e r e n t i a l  i s  approximately 10 p s i ;  i . e . ,  t h e  d i scha rge  v o l t a g e  
w i l l  n o t  drop t o  zero u n t i l  t h e  s t a t e  of complete d i scha rge  i f  t h e  d i f f e r e n c e  
between H 2  and 0 I n v e s t i g a t i o n  of t he  
f l o o d i n g  problem i s  c u r r e n t l y  i n  progress .  The o b j e c t  of t h i s  i n v e s t i g a t i o n  
i s  t o  e s t a b l i s h  t h e  maximum moisture content  of t h e  a s b e s t o s  bed above which 
t h e  d i s c  a r g e  vo l t age  i s  s t a b l e  a t  a reasonable  c u r r e n t  d e n s i t y  o f ,  
20 ma/cm . 

pres su re  i s  not g r e a t e r  than 10 p s i .  
2 

s a y ,  9 
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TABLE I 

CHARGE -RETENTION DATA 

I Run Temp. I n p u t  P resg .  Stand Output E'* Press .  A f t e r  
No. Assembly OF amp-hr Max. h r  amp-hr I Discharge" 

p s i  % P s i g  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15 

1 6  

1 7  

D 

C 

C 

E 

E 

A 

B 

A 

A 

A 

A 

C 

A 
- 
C 

D 

C 

80 

80 

80 

80 

80 

85 

88 

100 

158 

159 

200 

23 7 

250 

254 

25 7 

25 7 

268 

2.16 

1.16 

2.83 

2.00 

2.00 

3.20 

4.40 

3.60 

2.80 
2.80 

2.45 

2 .oo 
2.66 

1.73 

3 .OO 

2.90 

1.47 

100 

9G 

150 

180 

190 

90 

175 

95 

90 

1co 
95 

130 

95 

95 

230 

210 

90 

14 

0 

0 

0 

0 

0 

24 

72  

0 

22 

7 2  

16 

0 

0 

0 

0 

0 

1.74 

1.10 

2.69 

1.64 

1.80 

3.20 

3.33 

3.17 

2.53 

2.60 

1.53 

1.04 

1.32 

1.01 

1.90 

2.25 

0.93 

81 15  

95 

95 

83 

90 

99 

76 

88 

9 1  

93 

63 

52 

50 

59 

63 

78 

63 

5 

22  

15  

1 

37 

6 

11 

1 2  

25 

80 

40 

60 

1 2  

60 

50 
i'r 

Since t h e  H and 0 2 2 p r e s s u r e s  are  n e a r l y  e q u a l ,  on ly  one v a l u e  

i s  r epor t ed  h e r e .  

2k;k 
Percen t  c u r r e n t  e f f i c i e n c y .  
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I '  

7.2 Polarization Studies 

7 , Z . l  Oxygen Electrode Evaluation 

The object of the oxygen electrode studies was to find 

an electrode which exhibits less polarization than the currently employed 

platinized nickel. Another object was to have an alternative oxygen 

electrode available in case it i s  found that the platinized nickel elec- 

trode deteriorates after prolonged use at elevated temperature. 

The evaluation consisted of the measurement of total 

cell polarization with the various oxygen electrodes. Since the same 

hydrogen electrode, platinized nickel, was used in all of the tests, 

the differences in cell polarization can be attributed to differences 

in the oxygen electrodes. 

Figure 7 shows the cell polarization curves as a 
function of the various types of oxygen electrodes. Inspection of this 

figure reveals (curve 1) that the polarization for the electrode 

specially prepared by a battery manufacturer is much less than that of 

all the others investigated to date. More information on this electrode 

will be presented at a later date. 

The cell polarization at room temperature with the 

platinized nickel (cf. Sec. 5.1) electrode (curve 6 )  is by comparison 

much greater than the polarization obtained with the special electrode 

and somewhat greater than was obtained with the electrodes described 

below. Moreover, the polarization of this same electrode at 200 F 
(curve 2)  is markedly less than at room temperature. A complete study 

of cell polarization versus temperature for this particular electrode 

will be made in the near future. 

0 

The lithiated nickel oxide electrode (cf. Sec. 5.3) 
0 

was found to exhibit much less polarization at 200 F (curve 3 )  than at 

room temperature (curve 7). This phenomenon is undoubtedly due to the 
semiconducting properties of this material. (This electrode may turn 

out to be the best as far as stability is concerned (Ref. 4 )  for con- 

tinued operation at elevated temperature.) 

1584 -Q -3  19 



The p o l a r i z a t i o n  of t h e  two b e s t  carbon e l e c t r o d e s  i s  

shown i n  curves 5 and 4.  The former cons i s t ed  of a carbon of 60 percent  

p o r o s i t y ,  0 .0055-in.-dia .  p o r e ,  with a c o a t i n g  of plat inum b lack  which 

was depos i ted  by decomposition of c h l o r o p l a t i n i c  a c i d  ( c f .  Sec. 5.2a).  

T h e  l a t t e r  w a s  t he  same type of carbon with a mechanical a p p l i c a t i o n  of 

plat inum black . (c f .  Sec. 5.2b). The p o l a r i z a t i o n  curves of a l l  t he  

o t h e r  carbon e l e c t r o d e s  l i s t e d  below f e l l  w i th in  t h e  range of curves  

6 and 7 .  

a .  60 percent  p o r o s i t y ,  0 .0055-in.-dia .  pore + s p i n e l s  

b e  LO percent  p o r o s i t y ,  0 .0027- ine-d ia .  pore + s p i n e l s  

c .  36 percent  p o r o s i t y ,  0.00003-in.-dia.  pore unac t iva t ed  

d. 36 percent  p o r o s i t y ,  0.00003-in.-diae pore a c t i v a t e d  

(Sec. 5 . 2 ~ )  

(Sec. 5 . 2 ~ )  

(Sec. 5.2) 

(Sec. 5.2d) 

7.2.2 E f f e c t  of P res su re  on P o l a r i z a t i o n  

During t h e  course  of t h e  cha rge - re t en t ion  t es t s ,  t h e  

observa t ion  was made t h a t  t h e  d ischarge  vo l t age  appeared t o  be s e n s i t i v e  

t o  the  gas pressure .  Consequent ly ,  an examinat ion of t h i s  r e l a t i o n s h i p  

was undertaken. 

F igure  9 g ives  the  room-temperature p o l a r i z a t i o n  €or both 

charge and d ischarge  a t  t h r e e  d i f f e r e n t  p r e s s u r e s .  I n s p e c t i o n  of t h i s  

f i g u r e  r evea l s  t h a t  t h e  d ischarge  v o l t a g e  i s  markedly dependent upon 

p res su re .  For example, i f  t h e  p re s su re  i s  inc reased  from 50 t o  200 p s i g ,  

t h e  d ischarge  vo l t age  i n c r e a s e s  by approximately 0.1 v o l t s  a t  20 ma/cm . 
The charge vo l t age  i s  a l s o  found t o  be dependent upon p r e s s u r e ,  bu t  i n  

t h i s  c a s e ,  t h e  e f f e c t  i s  no t  as pronounced. 

2 

7.2.3 S e r i e s  P o l a r i z a t i o n  

I n  p repa ra t ion  f o r  t h e  o p e r a t i o n  of a m u l t i c e l l  u n i t ,  

two of t he  assembl ies ,  B and E ,  were ope ra t ed  i n  ser ies ,  The i n d i v i d u a l  a s  

wel l  as the ser ies  combined p o l a r i z a t i o n  of t h e  u n i t s  w a s  measured a t  room 

temperature.  The p o l a r i z a t i o n  curves f o r  t h i s  mode of ope ra t ion  a r e  s h o w  

I 
I 
I 
I 
1 
I 
1 
1 
1 
1 
1 
1 
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i n  Fig.  8 .  Examination of t hese  curves r e v e a l s  t h a t  t he  s e r i e s  p o l a r i -  

z a t i o n  i s  n e a r l y  i d e n t i c a l  with t h e  sum of t he  i n d i v i d u a l  c e l l  p o l a r i -  

z a t i o n  f o r  t h e  i n d i c a t e d  c o n d i t i o n s .  

7.2.4 Larger Diameter E l e c t r o d e s  

Since the  m u l t i c e l l  u n i t  i s  t o  c o n t a i n  l a r g e r  diameter  

e l e c t r o d e s  than any of t h e  c u r r e n t  l a b o r a t o r y  models (4 i n .  compared t o  

1-518 in . )  t h e  p o l a r i z a t i o n  of such e l e c t r o d e s  w a s  measured i n  o r d e r  

t o  a s c e r t a i n  t h a t  no adverse e f f e c t s  would be encountered a s  a r e s u l t  of 

s c a l i n g .  Consequently,  p o l a r i z a t i o n  d a t a  were ob ta ined  f o r  e l e c t r o d e s  

of 2-7/16 i n .  and 4 i n .  diameter .  I n  each c a s e ,  t h e  p o l a r i z a t i o n ,  a t  a 

c u r r e n t  dens'ity of 15 ma/cm , was found t o  be n e a r l y  i d e n t i c a l  with t h a t  

of t h e  l abora to ry  model. Hence, t h e  conclusion may be made t h a t  t h e  

c u r r e n t  i s  p r o p o r t i o n a l  t o  e l e c t r o d e  a r e a  i n  the  range of e l e c t r o d e  

diameters  employed h e r e .  

2 

7.3 Cycle L i f e  T e s t i n g  

During t h i s  r e p o r t i n g  p e r i o d ,  two c y c l e  l i f e  t e s t s  were 

i n i t i a t e d .  

7.3.1 65/35 Cycle 

Assembly A w a s  placed on automatic  c y c l i n g  a t  room temperature  

and i n i t i a l  gas p re s su res  of 50 p s i g .  

charge and 35 min d i scha rge  ( s e e  F ig .  10 ) .  The d i scha rge  c u r r e n t  was 

h e l d  constant  a t  200 m a ,  whi le  t he  charge c u r r e n t  w a s  se t  i n i t i a l l y  

a t  108 ma t o  correspond t o  a c u r r e n t  e f f i c i e n c y  of 100 p e r c e n t .  A f t e r  

s e v e r a l  days o p e r a t i o n ,  a gradual  d e c l i n e  i n  gas p r e s s u r e s  w a s  observed. 

A s  a consequence, t he  charge c u r r e n t  was inc reased  t o  125 m a  and then 

t o  150 m a ,  a t  which cond i t ion  t h e  gas p r e s s u r e s  a s  w e l l  a s  c e l l  v o l t a g e s  

remained constant  f o r  subsequent c y c l e s .  

The c y c l e  c o n s i s t e d  of 65 min 

A f t e r  29 days of cont inuous o p e r a t i o n  (417 c y c l e s ) ,  

t h e  vol tage dropped suddenly t o  zero i n  t h e  middle of a d i scha rge  pe r iod .  

Disassembly and examination of t he  c e l l  r evea led  no a p p r e c i a b l e  c o r r o s i o n  

of the components. Both p l a t i n i z e d  n i c k e l  e l e c t r o d e s  appeared t o  be t h e  

same a s  when o r i g i n a l l y  assembled, and no contaminat ion of t h e  e l e c t r o l y t e  

was observed. 

a s l i g h t  l o s s  of water .  

The weight of t he  a s b e s t o s  bed p l u s  e l e c t r o l y t e  i n d i c a t e d  
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The next  s t e p  i n  t h i s  t e s t  w i l l  c o n s i s t  of r e p l a c i n g  t h e  

o l d  oxygen e l e c t r o d e  by a new one and c a r r y i n g  out a few of t he  above 

cyc le s .  I f  t h e  vo l t age  holds  f o r  s e v e r a l  complete c y c l e s ,  then t h e  

cause f o r  t he  drop i n  vo l t age  may most l i k e l y  be a t t r i b u t e d  t o  t h i s  

e l e c t r o d e .  1 

7.3.2 60/300 Cycle 

Another room-temperature cyc le  l i f e  t e s t  w a s  i n i t i a t e d  

with assembly "E." The p a r t i c u l a r  cyc le  (60-min charge a t  1.0 amp and 

300-min d ischarge  a t  0 . 2  amp) was designed t o  employ a milch g r e a t e r  

percentage of t h e  c a p a c i t y  of t h i s  assembly than t h e  above t e s t .  I n  

t h i s  c a s e ,  t h e  cu r ren t - t ime  output  i s  1 .0  amp-hr versus  0.12 amp-hr i n  t h e  

above tes t .  Because of t h i s  h ighe r  o u t p u t ,  t h e  maximum p r e s s u r e s ,  n e a r  

160 p s i g ,  a r e  much h ighe r .  During t h e  course  of  one complete c y c l e ,  t h e  

p re s su res  range from 160 p s i g  a t  t h e  end of t h e  charge t o  60 p s i g  a t  t h e  

end of discharge.  A f t e r  10 complete cyc le s  ( s e e  F i g .  11) a t  100 pe rcen t  

c u r r e n t  e f f i c i e n c y ,  no d r i f t  i n  e i t h e r  p r e s s u r e  o r  v o l t a g e  has  been 

observed. 

S ince  t h e  t iming appara tus  on t h e  p re sen t  power s u p p l i e s  

has  n o t  been se t  f o r  t h e  60/300 c y c l e ,  t h e  swi t ch ing  has  been c a r r i e d  

out  manually. One c y c l e ,  with t o t a l  cyc le  t ime of 6 h r  i s  c a r r i e d  ou t  

each day. These cyc le s  w i l l  be cont inued f o r  one month. 

7.3.3 Causes of F a l l  of Voltage on Discharge 

Some progress  has  been made on t h e  de t e rmina t ion  of t h e  

f a c t o r s  t h a t  nay lead  t o  a f a l l  of  c e l l  v o l t a g e .  However, t h e  problem 

i s  not  yet  completely so lved .  Apparent ly ,  s e v e r a l  c o n t r o l l a b l e  f a c t o r s  

may b r i n g  about t h i s  phenomenon. With t h e  informat ion  obta ined  t o  d a t e ,  

t he  fol lowing t e n t a t i v e  conclusions are  drawn. 

While t h i s  r e p o r t  was i n  p r e p a r a t i o n ,  an i n s p e c t i o n  of assembly "A , ' I  
1 

i n  which t h i s  t e s t  was conducted,  r evea led  t h e  presence  of a s h o r t  
c i r c u i t .  This  s h o r t  w a s  caused by t h e  m e t a l l i c  c o n t a c t  of t h e  two 
v a l v e s ,  each of which i s  connected t o  one s i d e  of t h e  c e l l  and passes 
through t h e  frame of t h e  oven. 
f a l l  of vo l tage  w a s  caused by t h i s  s h o r t .  

The p o s s i b i l i t y  e x i s t s  then t h a t  t h e  
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Flooding 

I f  t h e  e l e c t r o d e  becomes flooded wi th  w a t e r ,  then t h e  

c e l l  ceases  t o  o p e r a t e  e f f e c t i v e l y ;  i . e . ,  t h e  maximum s t a b l e  d i scha rge  
2 c u r r e n t  ( f o r  s e v e r a l  hours)  i s  of t h e  o r d e r  of on ly  1 t o  2 ma/cm . 

This  f a c t  w a s  demonstrated by i n t e n t i o n a l l y  adding an excess  of t h e  

potassium hydroxide s o l u t i o n  t o  t h e  a s b e s t o s  bed,  cha rg ing ,  and then 

a t t empt ing  t o  d i scha rge  a t  several c u r r e n t  s e t t i n g s .  A t  a c u r r e n t  

s e t t i n g  corresponding t o  a cu r ren t  d e n s i t y  of 30 ma/cm2, t h e  v o l t a g e  

f e l l  t o  zero i n  l e s s  t han  1 min. A t  20 ma/cm , t h e  v o l t a g e  f e l l  t o  

ze ro  i n  approximately 5 min, while a t  10 ma/cm2, t h e  v o l t a g e  f e l l  t o  

ze ro  i n  approximately 15 min. Only a t  t h e  low c u r r e n t  d e n s i t y  of 

1 t o  2 ma/cm 

f o r  s e v e r a l  hours .  

2 

2 
d i d  t h e  d i scha rge  v o l t a g e  remain c o n s t a n t  a t  0.8 v o l t s .  

I n  o r d e r  t o  avoid t h i s  f l ood ing  problem, t h e  amount 

of e l e c t r o l y t e  a d d i t i o n  t o  t h e  bed has  been c l o s e l y  c o n t r o l l e d  i n  a l l  

tests which followed t h i s  observat ion.  

(35 pe rcen t  KOH) a d d i t i o n  has  been e s t a b l i s h e d  as 0.68 gm s o l u t i o n  

p e r  1.0 gm asbes tos .  With t h i s  e l e c t r o l y t e  a d d i t i o n ,  t h e  c e l l  has  

been shown t o  o p e r a t e  a t  t h e  h ighe r  c u r r e n t  d e n s i t i e s  f o r  long pe r iods  

of t i m e  ( equ iva len t  t o  2,O amp-hr/in. of bed ,  as mentioned i n  Sec. 7.5.2. 

The amount of e l e c t r o l y t e  

2 

High P res su re  D i f f e r e n t i a l  

I f  t h e  r a t i o  of t h e  c y l i n d e r  volumes f o r  H and 0 i s  2 2 
n o t  e x a c t l y  equal  t o  2:1, t h e n ,  when the  c e l l  i s  charged,  a p r e s s u r e  

d i f f e r e n t i a l  w i l l  develop between t h e  two s i d e s  of t h e  c e l l .  Th i s  

d i f f e r e n t i a l  w i l l  i n c r e a s e  as the  charging con t inues  u n t i l  a d i f f e r e n t i a l  

of approximately 15 p s i g  i s  reached, a t  which p o i n t  t h e  gas a t  t h e  h i g h e r  

p r e s s u r e  i s  forced through t h e  a sbes tos  bed and i n t o  t h e  o t h e r  gas 

c ompar tmen t 

Th i s  mixing phenomenon was  observed i n  s e v e r a l  of t h e  

ear l ie r  tes ts .  (The proof of i n t e r n a l  mixing w a s  v e r i f i e d  by t h e  f a c t  

t h a t  t h e  p re s su re  of one gas decl ined while t h a t  of t h e  o t h e r  increased.)  
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When tlie condi t ions  were such t h a t  a s m a l l  amount of H w a s  forced  

i n t o  t h e  O 2  compartment, no e f f e c t  w a s  observed on the  d ischarge  

c h a r a c t e r i s t i c s .  

t he  H 2  compartment, then t h e  c e l l  vo l t age  dropped very  r a p i d l y  on 

d ischarge .  

2 

However, when a s m a l l  amount of O2 w a s  forced  i n t o  

The s o l u t i o n  t o  t h i s  mixing problem i s  provided by t h e  

u s e  of cy l inde r s  with an exac t  2 : l  r a t i o  f o r  H and 0 

Since  t h i s  may no t  be r e a l i z a b l e  i n  p r a c t i c e ,  t he  a l t e r n a t i v e  i s  t o  

make t h e  r a t i o  as c l o s e a s  p o s s i b l e ,  with a s l i g h t  p o s i t i v e  t o l e r a n c e  

on t h e  2 : l  r a t i o  (ice., hydrogen volume s l i g h t l y  more than twice oxygen 

volume). The f i n a l  adjustment  can r e a d i l y  be accomplished i n  p r a c t i c e  

r e s p e c t i v e l y .  2 2 '  

*by t h e  add i t ion  of some i n e r t  m a t e r i a l  t o  t h e  a p p r o p r i a t e  c y l i n d e r .  

The method which had been employed a t  t h e  s t a r t  of t h i s  program w a s  t o  

add water t o  the  cy l inde r .  This  procedure w a s  t e rmina ted ,  however, f o r  

i t  w a s  found t o  cause f looding  problems, as i n d i c a t e d  above. 

The volume of a l l  of t h e  assembl ies  h a s  now been ad-  

j u s t e d  s o  t h a t  the  p r e s s u r e  d i f f e r e n t i a l s  are always less than 15 p s i g  

(H2 always g r e a t e r  than 0 ) a t  p re s su res  up t o  200 ps ig .  2 
Oxygen E lec t rode  

During one e leva ted- tempera ture  t e s t  t h e  v o l t a g e  w a s  

found t o  drop i n  t h e  middle of t he  d i scha rge  per iod .  Disassembly and 

examination of the  components revea led  some co r ros ion  of t h e  0 e l e c -  

t rode  and t h e  s t a i n l e s s  s tee l  p l a t e  behind i t .  When t h i s  e l e c t r o d e  was 

rep laced  by a new one ,  t h e  c e l l  w a s  aga in  found t o  d ischarge  e f f e c t i v e l y  

a t  cons tan t  vo l t age  u n t i l  complete d i scha rge .  The p o s s i b i l i t y  e x i s t s  

t h a t  the d i f f i c u l t y  w a s  caused by d e t e r i o r a t i o n  of t he  p l a t i n i z e d  n i c k e l  

e l ec t rode .  However, because of t he  u n c e r t a i n t y  of  f lood ing  du r ing  t h i s  

t e s t ,  a proven explana t ion  w i l l  r e q u i r e  f u r t h e r  da t a .  

2 

I F  t h e  d e t e r i o r a t i o n  of  t h i s  e l e c t r o d e  i s  found t o  be 

the  cause ,  then t h e  search  f o r  a b e t t e r  oxygen e l e c t r o d e  (see Sec. 7.2.1) 

takes  on an a d d i t i o n a l  purpose,  i . e . ,  t o  o b t a i n  a more s t a b l e  e l e c t r o d e  

i n  add i t ion  t o  one which e x h i b i t s  less  p o l a r i z a t i o n .  More i n e r t  m a t e r i a l s  
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may poss ib ly  be found i n  t h e  carbons ,  l i t h i a t e d  n i c k e l  ox ide ,  t ungs t en ,  

o r  tantalum. 

7.4 Development of  M u l t i c e l l  Unit  

The development of a m u l t i c e l l  u n i t  w a s  i n i t i a t e d  du r ing  the  

l a t t e r  p a r t  of October 1961. 

7.4.1 I n i t i a l  Cons idera t ions  

The b a s i c  design of the u n i t  w a s  a r r i v e d  a t  by s p e c i -  

fy ing  c e r t a i n  performance c h a r a c t e r i s t i c s  and o p e r a t i n g  c o n d i t i o n s ,  and 

then  c a l c u l a t i n g  t h e  r equ i r ed  c e l l  and c y l i n d e r  s i z e s .  The fo l lowing  

des ign  r e s u l t e d :  

a. 

b. 

C .  

d. 

e. 

f .  

1584 -Q -3  

Temperature: The ope ra t ing  temperature  w a s  

s e l e c t e d  as 200°F. 

Power output:  The power output  w a s  s e l e c t e d  by 

spec i fy ing  a discharge  c u r r e n t  of 3.5 amp a t  

6.0 v o l t s .  

C e l l  vol tage:  The d ischarge  vo l t age  was s e l e c t e d  

as 0.7 v o l t / c e l l .  

Number of c e l l s :  

w a s  ca l cu la t ed  by d i v i d i n g  t h e  ope ra t ing  v o l t a g e ,  

6 v o l t s ,  by the  u n i t  c e l l  vo l t age  of 0.7 v o l t  

pe r  c e l l .  Since t h e  r equ i r ed  number w a s  8 . 6  c e l l s ,  

9 c e l l s  were chosen. 

E lec t rode  area:  The e l e c t r o d e  area w a s  c a l c u l a t e d  

on t h e  b a s i s  of t h e  p o l a r i z a t i o n  d a t a  a t  200°F, 

i o e o ,  43 ma/cm a t  0.7 v o l t .  For t h i s  c u r r e n t  

d e n s i t y ,  i t  i s  found t h a t  an e l e c t r o d e  area of 80 cm 

(12.5 in .  ) i s  r equ i r ed  t o  d e l i v e r  3.5 amp. The 

corresponding e l e c t r o d e  diameter  i s  found t o  be 

4 i n .  

Capaci tv  and d ischarge  t i m e :  The c a p a c i t y  of t h i s  

u n i t  i s  l imi t ed  by t h e  amount of water which can be 

e l ec t ro lyzed  from t h e  a sbes tos  bed without  a f f e c t i n g  

The r equ i r ed  number of c e l l s  

2 

2 

2 
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performance. On t h e  b a s i s  of t h e  r e s u l t  i n  Sec.  7 .5 .3 ,  

t h e  maximum c a p a c i t y  i s  e q u i v a l e n t  t o  2,O amp-hr/in.  

of  a s b e s t o s  bed. S ince  t h e  bed area i s  equal  t o  t h e  

e l e c t r o d e  a r e a ,  12.5 i n . 2 ,  t h e  maximum c a p a c i t y  i s  

found t o  be 25.0 amp-hr. I n  o r d e r  t o  make a con- 

s e r v a t i v e  e s t i m a t e  f o r  t h i s  f i r s t  model,  t h e  c a p a c i t y  

w a s  a r b i t r a r i l y  s e l e c t e d  a s  1 / 2  of t h e  above,  o r  

12.5 amp-hr. For  a d i scha rge  c u r r e n t  of 3.5 amp, 

t h e  corresponding d i scha rge  t i m e  i s  found t o  be  3.6 h r .  

Charge t i m e  and c u r r e n t :  The charge c u r r e n t  w a s  

a r b i t r a r i l y  s e l e c t e d  equa l  t o  t h e  d i scha rge  c u r r e n t  

of  3.5 amp. The corresponding charge t i m e  i s  then  

equa l  t o  t h e  r a t i o  of c a p a c i t y  t o  c u r r e n t ,  i . e . ,  

12.5/3.5 = 3.6 h r .  

Cyl inder  s i z e s :  The r e q u i r e d  s i z e s  of  t h e  gas-  

s t o r a g e  c y l i n d e r s  were determined from t h e  maximum 

o p e r a t i n g  p r e s s u r e  which t h e  c e l l  can wi ths t and  wi th -  

o u t  performance be ing  a f f e c t e d .  S ince  t h i s  p r e s s u r e  

h a s  no t  y e t  been determined a c c u r a t e l y  (see Sec.  7.1), 
t h e  maximurn p r e s s u r e  which had been employed success -  

f u l l y  i n  prev ious  t e s t s ,  i . e . ,  200 p s i g ,  w a s  assumed. 

The r equ i r ed  tank  s i z e s  f o r  H and 0 were then  d e t e r -  

mined by two s t e p s .  F i r s t ,  t h e  amount of  each gas  

a t  0 C and 14.7 p s i g  w a s  c a l c u l a t e d  by conve r t ing  t h e  

c a p a c i t y  of 12.5 amp-hr t o  e q u i v a l e n t  amounts of  

H 2  and 0 (The r e s u l t a n t  gas  volumes are  m u l t i p l i e d  

by 9 ,  s i n c e  t h e r e  are 9 c e l l s . )  The second s t e p  con- 

s i s t e d  i n  c a l c u l a t i n g  t h e  r e q u i r e d  gas volumes a t  200 

p s i g  and 200 F. The r e s u l t a n t  v a l u e s  were 4.60 l i t e r s  

f o r  H 

2 

2 2 

0 

2' 

0 

and 2.30 l i t e r s  f o r  02'  2 
7.4.2 Design of Complete C e l l  

With t h e  u n i t  c e l l  s i z e ,  number of c e l l s ,  and tank  volume 
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s p e c i f i e d  as above, t h e  nex t  s t e p  c o n s i s t e d  of t h e  design of t h e  

complete c e l l .  The prime emphasis w a s  placed upon compactness and 

weight i n  o r d e r  t h a t  t h e  f i n a l  product might be c l a s s i f i e d  as a f l i g h t -  

weight model. 

The design c a l l s  f o r  a c y l i n d r i c a l  u n i t  with o v e r - a l l  

diameter of 6 i n .  and l eng th  of 8 i n .  

8 l b .  The n i n e  c e l l s  a r e  t o  be loca ted  i n  t h e  middle of t h e  c y l i n d e r ,  

with t h e  two gas c y l i n d e r s  on e i t h e r  end. The components are h e l d  

t o g e t h e r  by s i x  t i e  b o l t s  equa l ly  spaced around t h e  per iphery.  

c e l l  elements are t o  be made of n i c k e l - p l a t e d  l u c i t e  (high-temperature  

grade) .  S t a i n l e s s  s t e e l  weld caps, 4 - i n .  d i a . ,  w i l l  be used f o r  t h e  

gas c y l i n d e r s .  A l i g h t e r  weight material  w i l l  be considered f o r  t h e s e  

c o n t a i n e r s  a t  a l a t e r  d a t e .  

The t o t a l  weight i s  e s t ima ted  as 

The 

7.4.3 Prel iminary T e s t i n g  

Before proceeding with t h e  c o n s t r u c t i o n  of t h e  above 

u n i t ,  a cons ide rab le  amount of prel iminary t e s t i n g  h a s  been and w i l l  

con t inue  t o  be c a r r i e d  o u t .  A s  pointed o u t  i n  Sec.  7.2.3, t h e  f i r s t  tes t  

c o n s i s t e d  of t h e  ope ra t ion  of two ce l l s  i n  s e r i e s .  Secondly, p o l a r i z a t i o n  

d a t a w e r e  o b t a i n e d f o r  l a r g e r  diameter e l e c t r o d e s  as pointed o u t  i n  

Sec.  7.2.4. T h i r d l y ,  t h e  cons t ruc t ion  and t e s t i n g  of one element of 

t h e  u n i t  shown i n  F ig .  1 2  w a s  c a r r i e d  o u t .  The p o l a r i z a t i o n  d a t a  f o r  

t h i s  element are shownin Fig.  13,  a long  with t h e  p r e d i c t e d  p o l a r i z a t i o n  

based on the  small l abora to ry  u n i t s .  

This  last  tes t  c o n s t i t u t e s  t h e  la tes t  e f f o r t  i n  t h e  

development of t h e  m u l t i c e l l  u n i t .  Subsequent tes ts  w i l l  c o n s i s t  of 

t h e  measurement of p o l a r i z a t i o n  da ta  f o r  two elements and c y c l i n g  of 

s a m e .  

upon t h e  s u c c e s s f u l  completion of t h e s e  tests.  

Assembly and t e s t i n g  of the n i n e - c e l l  u n i t  w i l l  proceed immediately 

7.4.4 Expected Performance 

The expected performance c h a r a c t e r i s t i c s  of t h e  n i n e -  

These c h a r a c t e r i s t i c s  are a l l  c e l l  u n i t  a r e  given i n  F igs .  14 and 15. 

based on t h e  e x i s t i n g  performance of t h e  small l a b o r a t o r y  assemblies .  
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Figure 14 gives the expected polarization at two 

temperatures, and Fig. 15 gives the expected discharge voltage-time 

curves at the same temperatures. 

7.5 Additional Results 

7.5.1 Safety Considerations 

In order to gain more information concerned with the 

possible safety hazards involved in the operation of the cells being 

developed, the following tests were conducted with assembly B containing 

platinized nickel electrodes. 

a. The cell was charged at room temperature for a 

period of time such that the H2 and O2 pressures 

were near 100 psig. 

cylinder was opened to the atmosphere, permitting 

the H gas to escape and the H pressure to return 

to0 psig.Then, the H2 cylinder was closed. After 

a few minutes, the 0 pressure began to decline 

and the H pressure began to rise, indicating the 

transfer of O2 into the H2 cylinder. 

minutes, the two pressures were nearly equal. 

At this point, the H 2  

2 2 

2 

2 
After several 

During the whole course of this run no explosion 

took place. 

The same experiment as in "a" was conducted, except 

that in this case, the 0 cylinder was opened to 2 
the atmosphere. A s  before, no explosion occurred. 

Experiments "a" and "b" above were repeated at 

200°F. 

in either case. 

b. 

c. 

As before, no explosion was found to occur 

7.5.2 Capacity 

Analysis of the results of the charge-retention tests 

has yielded information on cell capacity. 

cell output is greatly diminished if the cell is charged excessively, 

i .e. , an input greater than approximately 4 amp-hr. 

The results show that the 

For design purposes, 
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t h i s  r e s u l t  may be gene ra l i zed  by s t a t i n g  t h a t  t h e  c a p a c i t y  i s  approx i -  

mately 2 amp-hr p e r  square inch of c e l l  area ( e l e c t r o d e  a r e a  i s  2 .0  i n .  ) .  
2 

The exp lana t ion  f o r  t h i s  "maximum" c e l l  c a p a c i t y  i s  

undoubtedly r e l a t e d  t o  the  moisture con ten t  of t h e  a s b e s t o s  bed. Most 

l i k e l y ,  t h e r e  e x i s t s  a minimum moisture c o n t e n t ,  below which t h e  bed 

cannot e f f e c t i v e l y  keep t h e  gases sepa ra t ed .  Th i s  minimum con ten t  can 

be determined q u a n t i t a t i v e l y ,  f o r  i t  i s  known t h a t  an e l e c t r o l y s i s  of 

4 amp-hr withdraws 1 .3  gm of water from a bed with dry weight of 5 gm 

which was impregnated with 3.7 gm of 35 pe rcen t  KOH s o l u t i o n ,  Based 

on these  v a l u e s :  t h e  minimum content  i s  found t o  be 0 . 2 2  gn H20/gm 

a s b e s t o s .  
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8 CONCLUSIONS 

8.1 Charge Re ten t ion  

The c h a r g e - r e t e n t i o n  t e s t s  have i n d i c a t e d  t h a t  t h e  loss of 

charge v i a  mixing of t h e  gases  a c r o s s  t h e  a s b e s t o s  bed i s  ve ry  slow. 

The tests have a l s o  r evea led  t h a t  i n  s p i t e  of t h e  f a c t  t h a t  t h e  c e l l  

r e t a i n s  i t s  charge e f f e c t i v e l y ,  i t  cannot always d e l i v e r  100 pe rcen t  

of t h e  r e t a i n e d  charge.  The cause of t h e  incomplete d i scha rge  i s  

a t t r i b u t e d  t o  o n e ’ o r  more of s e v e r a l  c o n t r o l l a b l e  f a c t o r s  ( c f .  

Sec. 7.3.3). 

8.2 P o l a r i z a t i o n  S t u d i e s  

The p o l a r i z a t i o n  s t u d i e s  have e s t a b l i s h e d  t h a t  t h e  c e l l  

d i scha rge  p o l a r i z a t i o n  i s  markedly dependent on p r e s s u r e  between 0 

and 200 ps ig .  

one of t h e  e l e c t r o d e s  examined t o  d a t e  e x h i b i t s  a p p r e c i a b l y  less 

p o l a r i z a t i o n  than  t h e  c u r r e n t l y  employed p l a t i n i z e d  n i c k e l .  

o t h e r  e l e c t r o d e s  have been found, however, which have p o l a r i z a t i o n  

c h a r a c t e r i s t i c s  of t h e  same order  of magnitude. P o l a r i z a t i o n  d a t a  

on l a r g e r  diameter  e l e c t r o d e s  revealed t h a t  t h e  d i scha rge  c u r r e n t  i s  

p r o p o r t i o n a l  t o  e l e c t r o d e  area i n  t h e  diameter  range of 1-5/8 t o  4 i n .  

The oxygen e l e c t r o d e  e v a l u a t i o n  has  r evea led  t h a t  on ly  

Seve ra l  

8.3 Cycle L i f e  Tests 

During cons t an t  cu r ren t  c y c l i n g ,  t h e  c e l l  v o l t a g e  a n d  gas 

p r e s s u r e s  remain cons t an t  from cycle  t o  c y c l e .  The cause f o r  t h e  drop 

i n  v o l t a g e  i n  one t e s t  a f t e r  over 400 shal low c y c l e s  i s  being i n v e s t i g a t e d .  

8.4 M u l t i c e l l  Unit  

Based on t h e  r e s u l t s  of t h e  t e s t i n g  of one element ,  t h e  b a s i c  

d e s i g n  appears  f e a s i b l e .  

8.5 Miscel laneous 

When a sudden mixing of t h e  gases w a s  brought about by t h e  

a b r u p t  release of t h e  p re s su re  i n  one c y l i n d e r ,  no explosion w a s  found 

t o  occur.  
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9. FUTURE PROGRAM 

9.1 Charge Retention 

The charge-retention studies will be continued. 

9 . 2  Polarization 

The oxygen electrode studies will be limited to the one or 

two best electrodes, which will be evaluated extensively. The evaluation 

will consist of the effect on polarization of the amount of catalyst 

addition, temperature, pressure, and cycling. 

9 . 3  Cycle Life 

The second cycle test now in progress will be continued. 
Investigations will also be conducted to define more quantatively the . 

factors which are known to cause a drop in cell voltage, i.e., flooding 

and gas mixing. Tests will also be carried out to determine whether 

the deterioration of the platinized nickel oxygen electrode is a cause 

for the decline of voltage. 

9.4 Multicell Unit 

The testing of the single element will be completed by carrying 

out a few "deep" cycles. 

of the multicell unit will proceed immediately. 

If the tests are successful, then the construction 
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